Background: Despite substantial evidence for neighborhood characteristics correlating with walking, so far there has been limited attention to possible practical implications for neighborhood design. This study investigates to what extent design guidelines are likely to stimulate walking.
Introduction
W alking, the most common form of physical activity, is known to be an important contributor to health. 1, 2 There is evidence that neighborhood characteristics are correlated with walking, [3] [4] [5] [6] but so far there has been limited attention to possible practical implications for neighborhood design. This study investigates the extent to which design guidelines are likely to stimulate walking. The measures used are based largely the New Urbanism Smart Scorecard. 7 The New Urbanism, originally developed to create sustainable communities, reduce sprawl, and limit the destruction of open green spaces and farmlands, is designed in part to make walking a routine activity. 8, 9 New Urbanism has gained support from federal agencies, including the U.S. Environmental Protection Agency. 10 Fleissig and Jacobsen 7 created the Smart Scorecard to propagate the principles and provide detailed guidelines on new urbanist design by assisting with project-level decisions and evaluating for smart growth principles.
Materials and Methods
Smart Scorecard criteria were selected that aim to increase walking, and that can be evaluated by national-scale databases. The four selected measures are as follows:
Housing density: the average number of dwelling units/acre.
Density is related to higher prevalence of walking. Mixed land use: a measure of the diversity of land use. If residential and commercial areas are in close proximity, people are able to walk for their daily errands. Street network: the degree to which streets are connected as a grid system. Increasing the number of intersections shortens the distance between destinations and may increase walking. Block lengths: the average length of the long side of a city block. The New Urbanism suggests that the best scale for walking is 300 to 600 feet.
The Smart Scorecard evaluates different levels of these built-environment measures as excellent, preferred, acceptable, minimal, or "does not apply" (Table 1) . A built environment was hypothesized to be better for walking if the housing density is higher, land use is more mixed, street network is based more on a grid, or block lengths are shorter.
The remaining eight measures that may stimulate walking were not investigated because they were not readily available in national-scale databases. They are: walking distance to transit, street-level uses that generate maximum pedestrian activity, pedestrian amenities for transit, adequate sidewalks, parking facilities behind the building, connections to existing or planned parks and open space, choices in transportation modes, and strong connections to all adjacent natural features such as riverways or hiking trails.
Two additional measures were included that are not in the Smart Scorecard but related to building sustainable New Urbanist communities: Available street parking: if street parking space is abundant, people may tend to own more vehicles, use them more, and therefore walk less. [11] [12] [13] This measure was included to hypothesize the importance of a "push" factor compared with "pull" factors that invite people to walk. Median age of neighborhood housing: the new urbanism advocates the creation of neighborhoods with many similarities to those built before people relied on cars; therefore, the hypothesis was investigated that older neighborhoods are more conducive to walking than newer neighborhoods.
Data
Data on walking trips were obtained from the National Personal Transportation Survey (NPTS) of 1995. The NPTS-1995 includes interviews of 42,033 households nationwide, with a detailed survey concerning one randomly selected day for each household member aged 5 years and older. Individual and family characteristics were also recorded in the survey. Included households are in the ten largest consolidated metropolitan statistical areas (CMSAs) as defined for the U.S. Census 2000. The main cities in these ten CMSAs are Boston, Chicago, Dallas, Detroit, Houston, Los Angeles, New York, Philadelphia, San Francisco, and Washington.
14 The most precise geographic description available was the census block-group identifier of the household, which was used to link with other geographic data. The survey asks participants to describe all trips made during 1 day where "trip" is defined as any time you went from one address to another in a vehicle or by walking or biking. Each stop you make is a separate trip, including picking up or dropping off someone. Walking trips are the selection of trips where the participant replied "walk" to the question: How did you get to your destination? (that is, what means of transportation did you use for this trip?).
Census 2000 data were obtained for information on population, number of housing units, housing age, and land area at the block-group level. The Census Topologically Integrated Geographic Encoding and Referencing system (TIGER) data were used for the two measures: street network connectivity and block size.
The InfoUSA database (October 2001 extraction) concerning location of many possible destinations for trips-businesses, public buildings, and facilities-was used to assess business diversity by counting the number of different types of businesses within the neighborhood. 15 The United States Historical Climatology Network (HCN) Serial Temperature and Precipitation Data were used to adjust for temperature and rain effects during the surveyed travel day.
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All built-environment variables concern the neighborhood, which was defined by block groups whose centroid is within a one-quarter mile radius of the centroid of the block group of the household. The centroid was defined as the population weighted mean center of the block group.
The radius of one-quarter mile was chosen because it was the median length of a daily walking trip in NPTS-1995 
Outcome Measure
In the NPTS-1995, the purposes and modes of each trip of the travel day were surveyed. People who made at least one walking trip were compared to those without any walking trips. Information on length of walking trips was generally disregarded because they are usually derived from reported blocks walked, which is an inaccurate measure because block lengths vary considerably. Moreover, block length was investigated as explanatory variable. Where walking trips lengths were reported, trips to and from home were assumed to concern the average neighborhood block length, and other trips the average CMSA block length. 
Built-Environment Measures
Housing density was transformed into a categoric variable according to the Smart Scorecard (Table 1) . "Street network is based on a grid system" was operationalized as the fraction of four-way intersections in the neighborhood (because a grid pattern includes 100% four-way intersections) and categorized according to the Smart Scorecard. The categories for block length are: Ͻ400 feet: excellent; 400 -500 feet: preferred; 500 -600 feet: acceptable; and Ͼ600 feet: minimal. However, 96.2% of the sampled individuals lived in neighborhoods with average block lengths Ͼ600 feet (Table 1) ; therefore, the observations with block lengths Ͼ600 feet were categorized into five groups of equal size. When using a covariate adjustment, block lengths Ͻ600 feet were considered as one category. 17 Therefore, business diversity scores range from 0 to 7, indicating the number of different categories of businesses in the neighborhood. Parking pressure was measured as the number of residents per foot of parkable street length, estimated by street length reported by the TIGER data minus 20 feet from the center roadway of intersecting streets to account for loss of parking space at corners. This definition implies that measures such as off-street parking and diagonal parking are implemented as the result of parking pressure. It was categorized according to the 10th, 25th, 50th, 75th, and 90th percentiles. Median housing age includes six categories: built before 1939, 1940 -1949, 1950 -1959, 1960 -1969, 1970 -1979, and 1980 -2000. 
Individual and Household Characteristics and Control Variables
The following individual and household characteristics were included in the model: individual education, job status (full, part time, or no job last week), age, gender, household size, Hispanic ethnicity, race, CMSA, and household life cycle (classified as follows: one adult, not retired; two or more adults, none retired; one adult, retirement status unknown, youngest child aged 0 -5; two or more adults, retirement status unknown, youngest child aged 0 -5 years; one adult, retirement status unknown, youngest child aged 6 -15 years; two or more adults, retirement status unknown; youngest child aged 6 -15 years; one adult, retirement status unknown, youngest child aged 16 -21 years; two or more adults, retirement status unknown, youngest child aged 16 -21 years; one adult, retired; two or more adults, retired). Month, precipitation, and average temperature on the reported travel day were also included.
Method
The propensity-scoring method was used to control for potential confounders because it is a closer approximation of causal inference-based than traditional regression methods. 18 The propensity score is defined as the probability that a study subject belongs to one of the treatment groups, depending on all relevant covariates. Adjusting for differences in the propensity scores between treatment groups removes bias related to differences in pretreatment variables more effectively than multivariate analysis. After adjusting, covariates should be approximately equally distributed over the treatment groups. Failure of this usually signifies that the treatment groups are too different. Traditional regression methods do not reveal such problems, and therefore may lead to invalid conclusions.
To apply the propensity scoring method, each category of built environment was considered as a treatment. For a measure with n levels, nϪ1 analyses were made by comparing only adjacent pairs of treatments. For example, individuals with Level 1 and 2 were selected into a subpopulation and the effects of treatment Levels 1 and 2 were estimated within this subpopulation.
A logistic regression model was used to estimate the conditional probability to be in treatment Level 2, with the value of Tϭ1. People in treatment Level 1 were assigned with Tϭ0. The estimated conditional probability was the estimated propensity score.
Covariates X used in this model include personal and household characteristics, and the other five built-environment measures.
The propensity score for population weights was used.
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The estimated treatment effects adjusted for all pretreatment variables are as follows:
Adjusted for all pretreatment variables, E (Y 1 ) is the average outcome of the treatment (Tϭ1) for the population, and E (Y 0 ) is the average outcome of the control (Tϭ0) for the population. Therefore, the weight for each observation was the inverse of the probability of receiving the treatment actually received. Each built-environment measure examined has more than two treatment levels. Although propensity score was originally applied to the case where treatment takes only two levels, 18 Imbens 20 extended propensity-score methodology to multiple levels of treatments. However, this study compared only adjacent treatment levels because it was not possible to balance all covariates across wide ranges of a certain measure.
Results
The percentage of people having at least one walking trip during a travel day varied with different neighborhood characteristics without covariate adjustment (Table 2) . Walking correlates with the number of businesses in a neighborhood, housing density, fraction of four-way intersections, and parking pressure. As median housing age increased, people tended to walk less, except that people in the neighborhoods built between 1940 and 1949 walked a little more than those in older neighborhoods. There was a very low proba-bility of walking for blocks less than 400 feet but this group had only 12 observations. When block lengths are greater than 400 feet, block length was correlated with fewer walking trips. Table 3 shows the results of the propensity-score method to examine the effects of each built-environment measure, controlling for individual and household characteristics, and the other five built-environment measures.
After covariate adjustment for adjacent levels of built-environment measures, the effects of a single built-environment measure on the average probability to walk during a travel day were moderated. For median housing age and parking pressure, all pairs of differences were not significant. Moving from block lengths less than 600 feet to 600 -804 feet increased the probability of walking (odds ratio [OR]ϭ1.26, 95% confidence interval [CI]‫40.1؍‬ -1.52). This result seems to be inconsistent with the Smart Scorecard's claim that shorter block length stimulates walking. However, sample size considerations prevented investigating the actual Smart Scorecard's categories. Within block lengths of more than 804 feet, there were no significant effects on walking. Moving from two different business types in the neighborhood to three types significantly improved the probability of walking (ORϭ1.15, 95% CIϭ1.001-1.320). The same effect was found when comparing four with three different business types (ORϭ1.24, 95% CIϭ1.11-1.39). Additional increases in business diversity were not associated with a significant increase in walking. Living in a neighborhood with a housing density of more than 14 units per acre significantly increased the probability of walking compared to a housing density of 11-14 units per acre (ORϭ2.05, 95% CIϭ1.46 -2.89). But with a housing density of 11-14 units/acre compared to 7-11 units/acre, the probability to walk was lower (ORϭ0.80, 95% CIϭ0.64 -1.00). Finally, the percentage of four-way intersections appeared to be an important factor for people living in areas where the street network is not entirely a grid system. The difference between the areas with the lowest percentage of four-way intersections (0 -24%) and those with 25%-49% was a 36% increase in walking (ORϭ1.36, 95% CIϭ1.18 -1.58). For residents living in areas where 25%-74% of intersections are four-way intersections, the probability to walk was higher at the level of 50%-74% compared to the level of 25%-49% (ORϭ1.38, 95% CIϭ 1.09 -1.75). Furthermore, neighborhoods with 75%-99.9% of four-way intersections promote walking compared to the level of 50%-74% (ORϭ1.20, 95% CIϭ 1.02 -1.41). But there was no significant effect on walking at the level of 100% four-way intersections, compared to 75%-99.9%. As a whole, the studied measures showed only a modest impact on walking. The fraction of four-way intersections, housing density, and business diversity appear to be more important than block lengths (long side), parking pressure, and median housing age. Figure 1 shows the adjusted walking outcomes for each group of individuals in adjacent levels of a certain builtenvironment measure. For each measure, aside from the two groups in the lowest level and the highest level, other groups each had two adjusted means, as those in Table 3 . Generally, the paired differences were small. Across the whole range of levels, there were both positive and negative trends. Walking was positively related to housing density, business density, fraction of four-way intersections, and parking pressure, and negatively related to short block length and median housing age.
The distributions of covariates in nonadjacent groups were very different. Therefore, reasonable comparisons can be made only in adjacent groups. Covariates balances for each comparison using weighted chi-square test were found to be acceptable. The only exception was a strong imbalance between the groups with housing density Level 1 and Level 2, partly because the lowest density category comprises a large (61.9% of total sample) and diverse group. However, the difference in average walking probability between Level 1 and Level 2 is small and insignificant after covariate adjustment.
Discussion
This is one of the first attempts to empirically test whether the New Urbanism Smart Scorecard criteria will promote walkable communities. Among the four measures in the Smart Scorecard that were assumed to be related to walking, it was found that three are associated with walking: the percentage of four-way intersections, business diversity, and housing density, but only at the highest levels. The effect of block length could not be assessed because the block lengths in the sample were very different from those in the Scorecard. Using a different block-length categorization, it appeared that neighborhoods with a block length of 600 -804 feet increase the probability of walking, compared to those with block length less than 600 feet. This contradicts the Smart Scorecard's claim that shorter block lengths are better. Among blocklength categories there were no significant effects on the probability to walk. The other built-environment measures, parking pressure and median housing age, did have a significant effect on walking after covariate adjustment. Propensity-score adjusted probability to walk during a travel day at different levels of built-environment measures. The vertical axis is the probability to walk. The horizontal axis is the level of built-environment measure. Paired categories (e.g., 0 and 1; 1 and 2, etc.) were weighted to be equivalent on education; job status; age; gender; household size; Hispanic ethnicity; race; CMSA; household life cycle; month, precipitation, and average temperature on the reported travel day; and the other five built-environment measures. Error bars have lengths that are equal to 2 standard errors of the estimated means.
Adjustment for covariates had a remarkably large effect that showed that each measure of this research is strongly correlated with neighborhood's conduciveness for walking, but that neither of them appears to be the main cause of this conduciveness.
The effects of business diversity and the percentage of four-way intersections on walking are consistent with the Smart Scorecard criteria. The higher the fraction of four-way intersections, the more likely people would walk on a travel day. In neighborhoods with two or three types of businesses, increasing business diversity will improve considerably the probability of walking. But when there are already four or more types of businesses, increasing the types of businesses does not further increase walking. Finally, the effects of housing density on walking are mixed. Neighborhoods with housing density greater than or equal to 14 units/acre promote walking, compared to those with housing density less than 14 units/acre. However, when housing density is 11-14 units/acre, the probability to walk was lower than when housing density is 7-11 units/acre.
Each of the six built-environment measures examined appeared to have only a limited effect on walking. Therefore, to have a large effect on walking through the built environment, there appears to be a need to change more than one characteristic of the built environment.
The effect of some of the Smart Scorecard criteria examined were not as hypothesized. This may be because of observing strong correlations between design characteristics and walking without sufficiently considering the effects of other variables. For example, short block length does not appear to stimulate walking after adjusting for covariates but the unadjusted analysis shows a strong correlation. Apparently short block lengths tend to be found in neighborhoods with other characteristics that affect walking, but short block length as such does not appear to stimulate walking.
These results have some limitations. This investigation focused on six measures, although there may be others that could be more influential. Relying on national-scale data sets tends to make measurement less accurate than when using data collection developed specifically for the research questions; for example, in the linked dataset, the individual and household information was the data from the year 1995 to 1996, while the neighborhood data were obtained from the U.S. census year 2000. It is likely that neighborhood characteristics have changed somewhat from years 1995-1996 to year 2000; a few may even have undergone a complete redevelopment that changed all measures of this research. The data sets used could not be validated for this study. Another lack of precision is because of self-report of walking trips, which recall bias seems apparent from the fact that during cold weather more walking trips are reported. However, considering the results from Table 2 , clearly the signal to noise ratio is still quite favorable.
The Smart Scorecard selects several areas in which the trend is consistent with increased walking, but the fine details are not precise. Its recommendations should be considered as a guideline, and not as a guaranteed recipe for promoting walking. Walking is likely to be influenced by both physical and social environmental features. The analysis was limited strictly to physical aspects of the environment. It is likely that social aspects play an integral role, and that other omitted variables such as crime or traffic influence the decision to walk. Further studies can expand the repertoire of variables to be examined to test specific features that create walkable communities.
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